The effects of exogenous GH on growth and body composition were investigated in lines of mice selected for high or low body weight (P-lines) or high or low body fat (F-lines Endocrinology (1991) 131, 19\p=n-\24 
INTRODUCTION
Investigations of the role of growth hormone (GH) in the differences between genetic lines of animals differ¬ ing in body weight, lean mass or rate of growth have produced conflicting observations. Broiler lines of chickens selected for faster growth rate have lower plasma levels of GH than slower growing layer lines (Burke & Marks, 1982; Stewart & Washburn, 1983 ). An experiment in which the Snell Dwarf gene was backcrossed into strains of mice selected for large and small size, thereby depleting them of endogenous GH, showed that GH was only partially responsible for differences in growth rate and that the smaller mice had reduced sensitivity to GH (Pidduck & Falconer, 1978) . In addition, studies on a variety of species indi¬ cate that the relationship, within species, between endogenous levels of GH and several growth par¬ ameters is poor (Hart & Johnsson, 1986) . There is, however, some evidence that larger breeds of cattle have increased levels of GH (Hart & Johnsson, 1986) .
Experiments involving GH treatment in a number of species have produced a variety of results. Treat¬ ment of pigs with recombinant DNA-derived human GH (Baile, Delia-Fera & McLaughlin, 1983) or with pituitary-derived porcine GH (Chung, Etherton & Wiggins, 1985; McLaren, Easter, Novakofski et al. 1988) increased growth rate. In lambs some studies have shown an effect on weight gain after treatment with pituitary bovine GH (Johnsson, Hart & ButlerHogg, 1985) or with recombinant bovine GH (rbGH) (Pullar, Johnsson & Chadwick, 1986) . However, other studies by the same group and others found no sig¬ nificant effect of rbGH on growth rates (Johnsson, Hathorn, Wilde et al. 1987; Sinnett-Smith, Woolliams, Warriss & Enser, 1989) . Similarly, treatment with ovine GH did not significantly affect weight gain in lambs (Muir, Wein, Duquette et al. 1983 ). These studies indi¬ cate that while changes in plasma GH may be correlated with increased size and growth rate of some genetically different lines, it is probably not the only growth factor involved.
Investigations into effects of GH on carcass com¬ position have consistently shown a reduction in the proportion of fat in the carcass. This has been demon¬ strated using porcine GH in pigs (Chung et al. 1985; Novakofski, McKeith, Grebner et al. 1988) although the weight of fat is not always decreased (Chung et al. 1985) . A study using human GH in pigs, however, found no significant effect on body fat (Baile et al. 1983 ). All studies in lambs have shown a reduction in carcass fat in GH-treated animals as compared with controls (Wagner & Veenhuizen, 1978; Muir et al. 1983; Johnsson et al. 1985 Johnsson et al. , 1987 Pullar et al. 1986;  Butler-Hogg Sinnett-Smith et al. 1989 ).
Treatment of pigs with porcine GH increased carcass protein (Chung et al. 1985) , and in a study using bovine GH in lambs, significant increases were obtained in muscle mass after treatment , whereas another study using intact male lambs showed no significant increase in the proportion of pro¬ tein in the carcass after bovine GH treatment despite a significant increase in growth rate (Pullar et al. 1986 ).
Others have found only a small effect on muscle gain in lambs (Muir et al. 1983; Johnsson et al. 1987) .
These results indicate that effects of GH on body composition are likely to be greater than on body weight and rates of weight gain. Consequently any differences between divergent stocks in responsiveness to GH are more likely to affect composition. In this study we have investigated the effects of rbGH on growth differences in lines of mice selected for differ¬ ences in growth and body composition. The selected lines of mice in this study differ by a factor of 1-5 in body weight at 10 weeks (P-lines), or by a factor of 2-5 in gonadal fat pad weight as a proportion of body weight at 10 weeks (F-lines) (Hastings & Hill, 1989) .
MATERIALS AND METHODS

Animals
The mice were taken from lines established in 1980 (Sharp, Hill & Robertson, 1984) . Mice were drawn from a common base population to give three repli¬ cates of each of three selection treatments: high, low and control for each selected trait. Selection was within litter on 10-week-old males. The F-line was selected on the ratio of gonadal fat pad weight to body weight; the P-line on fat-free mass predicted from body weight and gonadal fat pad weight (Sharp et al. 1984) . In generation 20 the selection criteria were modified such that the P-lines were selected on 10-week weight in both sexes and the F-lines were selected on the ratio of dry to wet weight in 14-week-old males. (Eisen, 1974) . Animals were treated daily from 4 to 7 weeks of age with rbGH (kindly donated by the American Cyanamid Co., Princeton, NJ, U.S.A.) at 9 µg/g body weight per day given as 1 -8 mg/ml sterile solution prepared in isotonic bicarbonate buffer (pH 9-4) or with a saline placebo (OT ml/20 g body weight). Injections were given s.c. within the 2 h before the start of the dark period and the mice were weighed immediately before injection. On day 21 after the treatment started the mice were weighed and then killed by cervical dislocation. The liver, spleen, kidneys, gonadal fat pad (GFP) and pectoralis muscle were dissected out and weighed. These components were then restored to the carcass which was freeze-dried and weighed. Finally the hind legs were taken and boiled to remove the flesh, enabling tibia length to be measured. The length did not include the terminal epiphyses.
In a preliminary experiment (not shown), the growth-promoting ability of rbGH was confirmed in GH-deficient Little (lit/lit) mice which lack circulating GH and respond to GH treatment by increased growth (Beamer & Eicher, 1976 (Harvey, 1985) . Analyses were carried out using a model with line and treatment as fixed cross-classified effects. Family was included as a random effect, nested within line. The model also tested for inter¬ actions between line and treatment. All analyses used natural logarithms of weight to remove scaling effects due to the substantial difference in size between the high and low selected P-line mice. Traits, other than initial weight, were also regressed on the natural log of initial weight to remove the effects of initial body weight differences between animals. This regression reduced the s.e.m. values in the analyses (log final weight showed a correlation with initial weight of over 0-80 for all lines other than the one selected for high body fat, in which the correlation exceeded 0-65). Relative gain was also analysed as its logarithm, cal¬ culated for each animal as natural log of final weight minus natural log of initial weight.
RESULTS
All the lines of mice in this study responded to rbGH by increasing their growth rate (Tables 1 and 2 ). (Harvey, 1985) ). (Harvey, 1985) (Harvey, 1985) ). (Harvey, 1985) ).
on dry weight as a percentage of body weight in the body weight lines (Tables 3 and 4 ). (Dunn, 1954 (Pidduck & Falconer, 1978 (Burke & Marks, 1982; Stewart & Washburn, 1983) .
Assigning mice by weight within family to treat¬ ment group would have prevented the occurrence of significantly lower weights in the mice assigned to the treatment group in the low body weight and low body fat lines (Tables 1 and 2 
